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Nanodosimetry is an emerging experimental technique that 
measures the so-called particle track structure, i.e. the 
pattern of ionizing radiation interaction with matter on the 
nanometric scale. In such small dimensions, comparable to 
the diameter of the DNA double helix, the stochastic nature 
of ionizing radiation interactions has to be taken into 
account. 
The stochastic quantity of nanodosimetry is the ionization 
cluster size (ICS), i.e. the number of ionizations produced by 
a passing particle within a specific nanometric target volume. 
The frequency distribution of ionization cluster size (ICSD) 
depends on the size of the target volume and its distance 
from the primary particle trajectory. The ICSD is a 
characteristic of the track structure. The statistical moments 
of the ICSD can be used to establish a new concept of 
radiation quality that is based on measurable physical 
quantities of the radiation that are closely related to the 
biological effects of the radiation. 
Three nanodosimeters of different type have been developed 
for measurement of ICSDs [1-3] in a sensitive volume of a 
dilute gas which is simulating microscopic targets based on a 
density scaling principle [4]. They are differing in the 
operating gas used, the detected particle type (electrons or 
cations of the target gas) and the size of the equivalent 
nanometric target in biological matter (a.k.a. site size). 
Within the European Project BioQuaRT [5, 6] and the adjoint 
Italian MITRA project [7], the three European nanodosimeters 
( “StarTrack“, “Ion Counter”, “Jet Counter”) [8-10] have 
been compared by measuring ion beams with all three 
nanodosimeters. 
Fig. 1 shows a synopsis of particular moments of all measured 
ICSDs. Each data point represents a measurement of a 
radiation quality (energy and type of ion) with a particular 
nanodosimeter simulating a certain nanometric site size. The 
horizontal axis is the mean ionization cluster size M1(Q), i.e. 
the number of ionizations obtained for the combination 
(indicated by Q) of radiation quality and site size. The 
vertical axis is the cumulative probability F2(Q) for obtaining 
at least two ionizations when measuring this radiation quality 
with the respective nanodosimeter. These quantities are 
obtained from the measured frequency P(v|Q) of ionization 
cluster size v. 
 
Fig. 1 
All data points shown in the Fig. 1 are falling on the same 
curve indicated by the dashed line. Similar results are also 
found when cumulative probabilities Fk for a cluster size ν ≥ k 
are plotted versus M1. Hence, despite the different operating 
principles of the nanodosimeters, there seems to be a 
universal relation between the cumulative probabilities Fk 
and the mean ionisation cluster size M1. 
The saturation behavior seen in Fig. 1 is found for all 
cumulative probabilities Fk. Hence, the universal curves have 
a similarity to the curves expected for the yields of 
radiobiological endpoints. Fig. 2 illustrates, that this 
similarity can be exploited to establish a quantitative 
correlation between nanodosimetric quantities and 
radiobiological effects. 
 
Fig. 2 
The colored data points are results from cell experiments 
using protons (blue) and carbon ions (red). The vertical axis is 
the cross section for cell inactivation determined from the 
cell survival curves at 5% survival rate [11, 12]. The 
horizontal axis is the mean ionization cluster size that was 
obtained from Monte Carlo simulations. The black data points 
are mean cluster size and cumulative probability F2 derived 
from the simulated ICSDs.  
The track structure simulations were carried out for different 
values of the nanometric site size. The data plotted in Fig. 2 
are those for which the nanodosimetric curve indicated by 
the grey line provides a best fit to the radiobiological data. 
This best fit is obtained if a site size of 1 nm in liquid water 
is used, i.e. of about half the diameter of the DNA double 
helix. 
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